■  i  ?  i  <  1  L  l.  Kj\J  f  ( 

AD-A231  921 

OFFICE  OF  NAVAL  RESEARCH 


FINAL  REPORT 

for 

GRANT  OR  CONTRACT:  00014-87-K-0430 


HOMOGENEOUS  SOLUTION  ELECTROCATALYSTS  FOR  C02 

REDUCTION 


Principal  Investigator:  Thomas  J.  Meyer 


Department  of  Chemistry 
University  of  North  Carolina 
Chapel  Hill,  NC  27599-3290 


Reproduction  in  whole,  or  in  part,  is  permitted  for  any  purpose  of  the  United  States 

Government. 

This  document  has  been  approved  for  public  release  and  sale:  Its  distribution  is  unlimited. 


91  2  20  0 


CJl 


lassified 


ECURITY  CLASSIFICATION  OF  THIS  PAG 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No  0704-0188 


la  REPORT  SECURITY  CLASSIFICATION 


2a  SECURITY  CLASSIFICATION  AUTHORITY 


2b  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 


1b.  RESTRICTIVE  MARKINGS 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release  and  sale;  its 
distribution  is  unlimited 


S.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 

(If  applicable) 

University  of  North  Carolina  Office  of  Naval  Research 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

Chemistry  Dept.,  CB//3290,  Venable  Hall 
University  of  North  Carolii.a 


7b.  ADDRESS  (City.  State,  and  ZIP  Code) 

800  North  Quincy  Street 
Arlington,  VA  22217 


114  |T^I  iTa  ■  :  SI  I  Me  rmVTL'BKL'Ill 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

ONR 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 


8b.  OFFICE  SYMBOL  I  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable)  1 


See  7b 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROJECT 

NO 


WORK  UNIT 
ACCESSION  NO 


1 1  TITLE  (Include  Security  Classification) 

Final  Report  for  Contract  00014-87-K-0430  "Homogeneous  Solution  Electrocatalysts  for 


IM1 


12.  PERSONAL  AUTHOR(S) 


Mffjttp-iia 


13a  TYPE  OF  REPORT 


IlKlMaUiiiirfa 


13b  TIME  COVERED  114.  DATE  OF  REPORT  (Year,  Month,  Day)  115  PAGE  COUNT 

FROM  4/87  TO  9/90  I  1/31/91  I  4  pages 


17.  COSATI  CODES 


FIELD  GROUP  SUB-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 
Homogeneous  Electrocatalysis,  CO^  Reduction 


19  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT  121.  ABSTRACT  SECURITY  CLASSIFICATION 

GJ UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT.  Q  OTIC  USERS  I  unclassified 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL  |22b.  TELEPHONE  (Include  Area  Code)  22c  OFFICE  SYMBOL 


DO  Form  1473,  JUN  86 


Previous  editions  are  obsolete. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


HOMOGENEOUS  SOLUTION  ELECTROCATALYSIS  FOR  CO2  REDUCTION 


ONR  Final  Report 

The  goal  of  the  research  funded  by  this  grant  was  to  develop  new  electrocatalysts  for 
CO2  reduction,  and  to  probe  the  fundamental  mechanisms  of  the  steps  that  lead  to  the 
reduction  of  CO2.  As  the  title  suggests,  this  initially  involved  the  synthesis  of  soluble 
transition  metal  complexes.  More  recently,  the  inability  of  the  homogeneous  catalysts  to 
reduce  CO2  past  the  two-electron  stage,  and  the  results  of  mechanistic  studies,  led  us  to 
investigate  heterogeneous  systems  that  could  access  more  than  two  electron  equivalents. 

Our  initial  investigations  led  to  the  preparation  of  polypyridyl  complexes  of 
ruthenium,  osmium,  rhenium,  iridium,  and  rhodium.  These  complexes,  of  the  general 
formula  [M(bpy)2LL']n+,  were  shown  to  be  effective  electrocatalysts  for  the  reduction  of 
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and  4.  These  homogeneous  systems  proved  amenable  to  mechanistic  studies,  and 
considerable  mechanistic  insight  was  obtained.  Technical  repons  5  and  6  cover  the 
development  of  new  techniques  that  aided  in  the  study  of  reactive  intermediates  and 
multimetallic  complexes,  both  of  which  were  necessary  for  the  mechanistic  work.  Technical 
reports  2  and  9  discuss  the  reduction  of  CO2  by  cis-[Ru(bpy)2(CO)H]+,  in  which  the 
mechanism  involves  the  electrochemically-induced  insertion  of  CO2  into  the  Ru-H  bond  and 
the  electrochemically-induced  reformation  of  the  hydride.  A  subsequent  study  of  cis- 
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proton/electron  steps  under  ambient  conditions. 
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